This study aimed to determine the effect of crude drugs on the dynamic viscoelasticity and angiogenic property of soft polymer materials, in vitro. Two kinds of polyethyl methacrylates, and crude drugs (Astragalus membranaceus Bunge [HQ] and Salvia miltiorrhiza Bunge [DS]) were used in their powdered forms. And, acetyl tributyl citrate and ethyl alcohol were used in the liquid form. The dynamic viscoelasticity of each specimen was measured after 0, 1, 3, 7, 14 and 28 days of immersion in distilled water. The CellPlayer angiogenesis PrimeKit assay was used to test angiogenesis. Significant differences in dynamic viscoelasticity were observed among the materials. Specimens containing 1 wt% HQ showed higher angiogenic activity than those containing 5 wt% and 10 wt% HQ, and DS. Our results suggest that the addition of low amounts of crude drugs to soft polymer materials may promote angiogenesis in human tissues.
INTRODUCTION
Soft polymer materials are often used as tissue conditioners and resilient denture liners in dentistry 1, 2) . Tissue conditioners are often used in edentulous patients to treat alveolar mucosal lesions such as denture stomatitis and decubitus ulcers due to illfitting dentures; they may also be used for recording dynamic functional impressions, temporary relining during the healing phase after implant placement, and other clinical applications that can utilize their specific viscoelastic properties [3] [4] [5] [6] [7] . The clinical use of soft polymer materials as tissue conditioners for the treatment of decubitus ulcers is based on the fact that it relieves the distribution of pressure on the alveolar mucosa by absorbing the bite force due to their specific viscoelastic properties. Thus, it promotes the natural healing process of the lesion, which eventually depends on the physical condition of the individual.
Angiogenesis is one of the most important factors affecting the healing process of the lesion. It is possible to shorten the period of wound healing by promoting angiogenesis using various bioactive substances. Many researchers have reported that traditional Chinese drugs (crude drugs) have angiogenesis promoting effects, antimycotic properties, and antiangiogenic functions [8] [9] [10] [11] [12] [13] [14] [15] . Yang et al. 8) reported that several crude drugs such as Salvia miltiorrhiza Bunge (Danshen), Angelica sinensis (Danggui), Astragalus membranaceus Bunge (Huangqi), and Puerarin radix (Gegen) can promote angiogenesis by acting on proteins such as vascular endothelial growth factor (VEGF). Furthermore, a study by Blaszczyk et al. 15) has shown that Carthamus tinctorius L., Rheum palmatum L., Scutellaria baicalensis Georgi and Agastache rugosa had the high antimycotic properties against several fungi, including Candida albicans.
The soft polymer materials used in dentistry are supplied is powder and liquid forms. The powder typically consists of polyethyl methacrylate (PEMA) polymer or a related copolymer 5, 16) . The conventional liquid contains a mixture of an ester plasticizer and ethyl alcohol (EtOH) [16] [17] [18] . Dynamic viscoelasticity is an important factor to consider when this material used for tissue conditioning in clinical situation 19) . However, rapid loss of viscoelasticity occurs during clinical use due to the leaching of EtOH and plasticizer into the oral environment 18, [20] [21] [22] . Therefore, most previous studies are related to improving the life span of soft polymer materials [5] [6] [7] 18, 23) . To date, the mechanical and surface properties, as well as the dimensional stability of tissue conditioners have been widely investigated [4] [5] [6] [7] 17, 19, 24, 25) . However, the effect of the combination of crude drugs and soft polymer materials (powder form) on the angiogenic and dynamic viscoelastic properties of the material have not been reported so far.
The purpose of this study was to determine the effect of crude drugs on angiogenesis and on the dynamic viscoelasticity of PEMA-based soft polymer materials. We hypothesized that crude drugs can improve angiogenesis, and will not affect the viscoelastic properties or the durability of the soft polymer materials;
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MATERIALS AND METHODS

Sample preparation
The polymer powders and plasticizers used in this study are listed in Table 1 . Two PEMA polymers with an average molecular weight (M w) of 2.48×10 5 and Mw of 2.51×10 5 were used in the powder forms. The powdered forms of two kinds of crude drugs (Astragalus membranaceus Bunge (Huangqi) and Salvia miltiorrhiza Bunge (Danshen)) were added to the PEMA polymers. And, Acetyl tributyl citrate (ATBC) and EtOH were used in the liquid form. Table 2 lists the twelve formulations used in this study, and indicates the powder/liquid (P/L) ratio. The powder and liquid were mixed for 2 min at 23±2°C and 70% humidity, and then poured into a polypropylene container. Glass plates were placed on top of the containers, which were placed in a 37°C incubator for 15 min.
Dynamic viscoelasticity measurement
Five pairs of specimens of each formulation were prepared in layers that were 10 mm long×10 mm wide×2 mm thickness. The dynamic viscoelasticity was determined using an automatic dynamic mechanical analyzer (DMA Q800, TA Instruments, New Castle, DE, USA) based on the principle of non-resonanceforced vibration. The dynamic viscoelasticity test was conducted at 37°C on pairs of specimens with a shear sandwich jig after 0 (no immersion in distilled water), 1, 3, 7, 14 and 30 days of immersion in 37°C distilled water. Shear storage modulus (G' ), shear loss modulus (G''), and loss tangent (tan δ) were determined over a frequency range of 0.05-100 Hz with 0.08% strain.
Angiogenesis test in vitro
The CellPlayer 96-well kinetic angiogenesis PrimeKit assay (ESSEN Bioscience, Ann Arbor, MI, USA) was used for the angiogenesis test according to manufacturer introductions (ESSEN Bioscience). Normal human dermal fibroblasts (NHDF) were seeded onto a 96-well plate, and human umbilical vein endothelial cells (HUVEC) CytoLight Green cells were then plated onto the NHDF feeder layers. After seeding the HUVEC CytoLight Green, the soft polymer material specimens were placed into the cell culture insert (Fig. 1) , and the co-cultures were placed in a IncuCyte ZOOM system (ESSEN Bioscience), which takes images automatically; the 96-well plates were incubated at 37°C and 5% CO 2 for 3 days. In this experiment, NHDF-HUVEC cocultures without polymer materials specimens was used as a control group. After 3 days of culture, the tube area, tube length and branch points of new capillary formation were quantified from the images using a IncuCyte angiogenesis software (ESSEN Bioscience). In this study, we repeated two times of same experiments to confirm reproducibility.
Statistical analysis
All the dynamic viscoelasticity data (G', G'', and tan δ) and new capillary formation data were analyzed independently by one-way analysis of variance (ANOVA) combined with Student-Newman-Keul's (SNK) multiple comparison test at a significance level of 5%. Three-way ANOVA was used to determine the effect of the type and content of crude drug used as well as the immersion time on the dynamic viscoelasticity and culture time of new capillary formation. All analyses were computed with SPSS for the Macintosh operating system (SPSS 22, SPSS Japan, Tokyo, Japan). 3 show the mean and standard deviations (SD) of the storage modulus (G' ), loss modulus (G'' ), and loss tangent (tan δ) of each formulation at 1 Hz on day 0 after immersion. Significant differences were found between the different formulations (p<0.05). The specimens using PE-A in the powder form showed lower G' values than those using PE-B (p<0.05). The values of G' increased significantly with increase in crude drug content. For the G", the specimen of PE-B-HQ-1% showed lower value than other specimens. And the specimens of PE-A-HQ-5% and PE-A-HQ-10% showed lower values than other specimens. The specimens using PE-A (powder form) had significantly higher tan δ values (p<0.05, SNK test) than those using PE-B.
RESULTS
Figures 2 and
Variations of G', G'' and tan δ at 1 Hz according to time of immersion of each formulation are shown in Figs. 4, 5 and 6. The ANOVA results indicate significant differences among the materials and significant effects of crude drug content and immersion time for these rheological parameters (p<0.05). The specimens containing PE-A showed the highest stability coupled with low change rates in G' and G'', except for samples PE-A-DS-5% and PE-A-DS-10% (p<0.05). In addition, the G' and G'' of specimens PE-A-DS-10%, PE-B-DS-5% and PE-B-DS-10% increased until day 3 of water immersion, and decreased from day 3 to day 30. The change rate values of G' and G'' increased significantly with increase in crude drug content in the groups using Danshen (DS). All specimens showed the high stability coupled with low change rate in tan δ from day 1 to day 30.
Variations in tube area, tube length and branch points of new capillary formation according to the Hz, on day 0 after immersion (n=5).
Identical letters indicate no significant differences (p>0.05). ANOVA results indicate significant differences among the materials and significant effects of crude drug content for these three parameters (p<0.05). Sample PE-A-HQ-1% showed significantly higher values for tube area, tube length and branch points than the other materials (p<0.05). On the other hand, sample PE-A-HQ-10% and the groups using DS showed significantly lower values for tube area, tube length and branch points of new capillary than the control groups (p<0.05). 
DISCUSSION
The hypothesis that crude drugs can improve angiogenesis, and does not affect the durability of soft polymer materials has partially been accepted. Although angiogenesis was promoted by the combination of crude drugs and soft polymer materials, the effect was found to be limited. Moreover, a suitable amount of crude drug must be added in order to have the required effect on the durability of dynamic viscoelasticity. In the present study, viscoelasticity was measured using dynamic analysis. Dynamic viscoelastic parameters at 1 Hz were selected for evaluation in this study because Murata et al. 17, 18) had reported that this frequency would simulate behavior under typical masticatory conditions. The shear storage modulus (G' ) in soft polymer materials measures stored energy, which represents the elastic component of material behavior, whereas shear loss modulus (G'' ) measures the energy dissipated as heat, which represents the viscous component. Loss tangent (tan δ) is a useful parameter and a measure of the ratio of energy dissipated to energy stored 7, 17, 18) . Lower G' and higher G'' values (high values of tan δ) indicate good flow characteristics in the material, which would allow the damaged denturebearing mucosa to recover to a healthy state and record the shape of the mucosa under functional stress more effectively 17, 18) . The group using PE-A (powder form)
showed lower G', and higher G'' as well as tan δ values when compared with the group using PE-B. This means that the specimens using powdered forms of PE-A are more suitable for use as tissue conditioners in a clinical setting. We performed an angiogenesis test in the group using PEMA-A polymer (powder form) due to the high tan δ values exhibited by this group. Several in vitro and in vivo method have been used to evaluate angiogenesis [8] [9] [10] [11] 26) . The various in vivo methods used include the Mile's assay, chicken embryo chorioallantoic membrane method, and the Matrigel subcutaneous implantation method; however, these methods have various limitations 26) . Therefore, in recent year numerous in vitro methods have been developed to assess angiogenesis [26] [27] [28] . In the current study, we used the CellPlayer 96-well kinetic angiogenesis PrimeKit assay produced by ESSEN Bioscience, and based on the HUVEC/NHDF co-culture model 27) . Wolfe et al. 28) demonstrated that the HUVEC/NHDF co-culture model is suitable to screen the effect of drugs and natural products on angiogenesis at the early stages. Currently, most liquid forms of commercial soft polymer materials include phthalate esters as plasticizers [16] [17] [18] . However, several studies have reported that certain phthalates exert estrogenic effects both in in vivo and in vitro 29, 30) . ATBC is a citric acid ester, widely used in food packing films 31) . Moreover, ATBC is one of the safest plasticizers accepted by the American Food and Drug Administration (FDA); hence, ATBC was used as a plasticizer of the soft polymer materials in the present study.
Differences in dynamic viscoelastic behaviors were found among the materials. The specimens using PE-A showed lower values of G' than those using PE-B. The viscoelastic behavior of soft polymer materials is greatly affected by the particle size and molecular weight of the powder, and the kind of plasticizer used 32) . Murata et al. 17) reported that the molecular weight of the polymer and the type of plasticizer used influences the viscoelastic properties of the soft polymer material; furthermore, the particle size of the polymer influences the gelation time of this material. According to the report by Jones et al. 32) , materials using low molecular weight polymers exhibit lower storage modulus (G' ) values than those using large molecular weight polymers. The molecular weight of PE-A was lower than that of PE-B in this study (1.08×10 5 vs. 2.39×10 5 ). This could be the reason why specimens using PE-A showed lower G' values than those using PE-B.
The values of G' and G'' increased significantly with increase in crude drug content. In our previous study, we have shown that specimens which did not include crude drugs presented with the lowest G' (PE-A: 0.080±0.004; PE-B: 0.100±0.006) and G'' values (PE-A: 0.033±0.001; PE-B: 0.029±0.001) than those with crude drugs. The soft polymer material is usually provided as a powder and liquid, which, when mixed together results in the dissolution of the polymer in the plasticizer, the entanglement of the polymer chain, and the formation of a gel-like substance. The gel has pseudo crosslinks consisting of polymer chain entanglements 17, 24) . Therefore, the viscoelastic properties are greatly influenced by the molecular weight of polymer and P/L ratio 32) . The crude drugs used in the present study can dissolve in the plasticizer but do not form gels; hence, increase in crude drug content appears to cause an increase in the P/L ratio, which may have led to the increase in viscoelastic parameters of the soft polymer material.
The change rate values of G' and G'' increased significantly with increase in crude drug content. Hong et al. 5, 6) and Jones et al. 21) reported the leaching of the plasticizer from the soft polymer materials during clinical use, which may have resulted in the loss of viscoelasticity. Crude drugs can dissolve the plasticizers but do not form gels. Therefore, the leaching of the plasticizer from the specimens with high crude drug content may explain for the large changes in viscoelasticity with the passage of time, as seen in the present study
In this study, we used Huangqi and Danshen as the crude drug components, based on the study by Yang et al. 8) , which reported the osteogenesis and angiogenesis activities of these drugs. We surmise that the addition of Huangqi and Danshen to soft polymer materials can promote the angiogenic properties of this material. The results of our study demonstrated the angiogenesis promoting effect in specimens with Huangqi (1 and 5 wt%); however, those with 10 wt% Huangqi and those using Danshen as the crude drug component showed antiangiogenics effect. Huangqi contains glycosides and flavonoids as the main components, which have been shown to improve VEGF mRNA expression in vascular endothelial cells 8, 14) . However, several researchers have reported that the activity of cyclooxygenase-2 (COX-2) may be inhibited by high concentrations of flavonoid [8] [9] [10] 12, 14) , which may explain for the diminished angiogenic activity in the specimens containing 10 wt% Huangqi in the present study. Similarly, diminished angiogenic activity in the specimens containing Danshen may be attributed to the high amounts of Salvianolic Acid B in this drug, which is known to inhibit the activities of TGF-β and COX-2 8, 10, 14, 15) . The present study was not able to simulate the clinical conditions accurately because the viscoelasticity of the specimens were tested in a dry state, and all specimens were immersed in distilled water. Moreover, the angiogenesis tests were performed in vitro. To overcome the limitations of the in vitro tests, the viscoelasticity of soft polymer materials should be tested in the wet state; artificial saliva or oil derived from plants may be used as immersion solution. Furthermore, in order to develop new soft polymer materials for use in dentistry it is necessary to evaluate the ISO standard tests including the cytotoxicity of the components, working time, and gelation time.
CONCLUSIONS
The results of this study are summarized as follows:
1. The group using PEMA-A polymer (powder form) presented with the highest values of loss tangent (tan δ), and high stress-relaxation abilities when compared with the other materials. 2. The group using PEMA-A polymer (powder form) presented with the most stable dynamic viscoelasticity when compared with the other materials. 3. The dynamic viscoelasticity of soft polymer materials was affected by the addition of crude drugs; the durability of the materials decreased with increase in crude drug content. 4. Addition of crude drugs affects angiogenesis; low concentrations (1 and 5%) of Astragalus membranaceus Bunge (Huangqi) can enhance the angiogenic properties of soft polymers. In conclusion, the addition of low concentrations of crude drugs to the powdered form of PEMA-based soft polymer materials can promote the angiogenesis, and does not affect the durability of these materials.
